Background: Accurate dietary assessment is key to understanding nutrition-related outcomes and is essential for
Introduction
Given that poor diet is a predominant cause of the growing burden of noncommunicable diseases, more effective strategies for improving diet are of increasing importance (1) . In tandem, accurate dietary assessment tools are essential for evaluating the efficacy of lifestyle interventions (2) , but all current methods of assessing habitual dietary intakes (including weighed dietary intakes, 24-h dietary recall, and FFQs) are subjective (3) .
Although weighed dietary recalls are considered the most accurate of the 3 (4), retrospective recalls (24-h recalls and FFQs) offer the advantages of lower costs and lower respondent burden (5) and are therefore widely used in large-scale epidemiologic and intervention studies.
With >70% of Europeans now Internet users (6) , Internetbased diet and lifestyle interventions, including Internet-based FFQs, are an attractive, cost-effective, and scalable alternative to face-to-face interventions (7) . However, self-reported dietary assessment is prone to respondent bias (8) , which may limit reproducibility of the FFQ, resulting in poor measures of dietary change and in chance associations with disease outcomes (9, 10) . It is therefore essential to evaluate the measurement error and reproducibility of FFQs to ensure confidence in the precision of any diet-related outcomes.
The online Food4Me FFQ used in this study was validated previously against a weighed food record over a 4-wk period (n = 49) and showed moderate agreement (correlation coefficient = 0.47) for assessing energy and nutrient intake (11) and a good agreement (0.60) against the EPIC (European Prospective Investigation into Cancer and Nutrition)-Norfolk printed FFQ (n = 113) (12) . Furthermore, the reproducibility of the online Food4Me FFQ was assessed in the United Kingdom (n = 100) and showed good agreement, with mean cross-classification into ''exact agreement plus adjacent'' at 92% for both nutrient and food group intakes (11) . The aim of our present investigation was to verify that the online Food4Me FFQ was reproducible across 7 European countries by comparing estimated intakes of foods, energy, and nutrients between screening and baseline in the Food4Me study.
Methods
Study design. The Food4Me study was a 6-mo, Internet-based, randomized controlled trial of personalized nutrition designed to improve diet and physical activity behaviors, which was conducted across 7 European countries (n = 1607). Recruitment was via the Food4Me website (13) from the following sites: University College Dublin (Ireland), Maastricht University (Netherlands), University of Navarra (Spain), Harokopio University (Greece), University of Reading (United Kingdom), National Food and Nutrition Institute (Poland), and Technical University of Munich (Germany). Individuals with ill health, food intolerances, or special nutritional requirements (e.g., pregnancy) were ineligible to participate. BMI (in kg/m 2 ) was estimated from selfreported body weight and height (14) . Participants self-reported smoking habits and occupation. Physical activity level (ratio between total energy expenditure and basal metabolic rate) and sedentary behavior (min/d) were estimated from triaxial accelerometers (TracmorD; Philips Consumer Lifestyle). The Research Ethics Committees at each university or research center granted ethical approval for the study. All participants signed online consent forms. The Food4Me trial was registered as a randomized controlled trial at clinicaltrials.gov as NCT01530139. Full details on the study design are available elsewhere (14) .
Food4Me FFQ. The Food4Me FFQ is an online, semiquantitative FFQ that was administered to individuals at screening, baseline, and followup time points after randomization. For the purposes of this reproducibility study, screening and baseline were used because no change in diet was expected. FFQs were available in the language of the country, with respondents asked to report mean consumption over the previous month for 157 items in the United Kingdom and Ireland [based on the 130-item printed EPIC-Norfolk FFQ (version CAMB/PQ/6/1205) (12, 15) ], with additional country-specific foods added to capture intakes in the other 5 recruitment countries (e.g., ''stroopwafels'' was added to the Dutch FFQ). A total of 11 food categories were included: 1) cereal; 2) bread and savory biscuits; 3) potatoes, rice, and pasta; 4) meat and fish; 5) dairy products; 6) fats and spreads; 7) sweets and snacks; 8) soups, sauces, and spreads; 9) drinks; 10) fruit; and 11) vegetables (Supplemental Table 1 ). Frequency of consumption of each food item was estimated by selecting one of the following options: never or <1 time/mo, 1-3 times/mo, 1 time/wk, 2-4 times/wk, 5-6 times/wk, 1 time/d, 2-3 times/d, 5-6 times/d, or >6 times/d. The online Food4Me FFQ included photographs of the foods, and participants selected the appropriate portion size from the following options: very small, small, small/medium, medium, medium/ large, large, or very large. Food intake (g/d) was then calculated by multiplying portion size by frequency of consumption. For the purpose of comparing food group intakes, the 11 food categories were subdivided into 35 food groups based on previous validation by Forster et al. (12) . Further details on the Food4Me FFQ are provided elsewhere (14) .
Statistical analysis. Statistical analysis was performed with STATA (version 12; StataCorp LP) and MedCalc Statistical Software (version 12.2.1.0; MedCalc). ANOVA (continuous data) and logistic regression (categorical) tested for overall differences in anthropometric and sociodemographic characteristics (dependent variable) between countries (independent variable) and were adjusted for age and sex. Post hoc TukeyÕs tests and logistic regression (adjusted for age and sex) investigated differences in characteristics (dependent variable) between a given country and the overall mean for all countries (independent variable) ( Table 1) . FFQ reproducibility was determined by comparing dietary intakes at screening and baseline (mean 6 SD: 2.7 6 0.9 wk apart). Because the FFQ was designed to assess dietary intakes over a 1-mo period, participants were excluded from the current analysis if the time period between completion of FFQs was >1 mo (16) . Participants with implausible energy intakes were excluded based on the upper limit of sustained energy expenditure defined by the Scientific Advisory Committee for Nutrition: energy intake >2.5 3 basal metabolic rate (17) . Multiple linear regression was used to determine differences in total energy, nutrient, and food group intakes (dependent variable) between FFQs (independent variable) and were adjusted for age, sex, country, time of FFQ completion, and total energy intake at screening. Normality of data was assessed with the Shapiro-Wilk test, and depending on the outcome, comparison of energy, nutrients, and food group intake was assessed with Pearson correlation coefficient or Spearman correlation coefficient (SCC, r). Energy-adjusted correlation coefficients were estimated with the residual method (18) . Briefly, residuals from the regression analysis (energy intake as an independent variable and nutrient intake as a dependent variable) were added to the expected nutrient value for the mean energy intake of the sample (Tables 2 and 3) . The coefficient of reproducibility between methods was calculated (19) . Concordance (percentage) in quartile classification estimated the relative agreements between FFQs. Quartiles of intakes of nutrients and food groups were used to determine changes in classification between time points. The percentages of participants classified into the correct quartile (exact classification), adjacent quartile (exact classification plus adjacent), 2 quartiles apart (misclassification), or 3 quartiles apart (extreme misclassification) were estimated (Supplemental Tables 2 and 3 ). BlandAltman plots determined clinical relevance of any difference in total energy and nutrients between methods based on the mean difference between methods (bias), trends, variability, and widths of the limits of agreement (Figure 1) . Reproducibility of total energy intakes was Table 4 ).
Sensitivity analysis. Sensitivity analyses excluded participants who over-or underreported energy intakes (Supplemental Figure 1) . Underreporting was operationalized as an energy intake <1.1 kcal/d multiplied by the predicted basal metabolic rate [with the use of the Henry equation (20)] (21), and energy intakes >4500 kcal/d were classified as overreporting (22) .
Results
Of the 1607 randomly allocated participants, 1480 completed the FFQs at screening and at baseline, and 665 completed the FFQs within 1 mo of each other. Spain was excluded from all analyses due to insufficient numbers completing the FFQs within the 1-mo timeframe (n = 5). A further 93 participants were excluded based on implausible energy intakes. Individuals from Greece had a higher BMI and waist circumference, more participants in routine and manual work, fewer students, and more participants not currently working than the overall mean across all countries. Fewer Polish participants were in routine and manual employment and more Polish participants were females, whereas more Dutch participants were leaner than the overall mean. Fewer participants from the United Kingdom were Caucasian, whereas there were fewer female participants from Ireland than the overall mean. No significant differences in physical activity level, body weight, or sedentary behavior were identified ( Table 1) .
Reproducibility of nutrient intakes. Total energy intakes and intakes of protein, carbohydrates, total fat, SFAs, MUFAs, PUFAs, n-3 FAs, sugar, salt, calcium, folate, iron, carotene, riboflavin, fiber, sodium, and vitamins B-6, C, A, D, and E were lower at baseline than at screening (P < 0.05; Table 2 ). There were no significant differences between time points for percentage energy intakes from total fat, MUFAs, PUFAs, protein, carbohydrates, and sugars or for intakes of alcohol, vitamin B-12, thiamin, and retinol. Shapiro-Wilk tests revealed that data were not normally distributed; therefore, SCC was used to examine correlations. Unadjusted SCCs ranged from 0.59 for total fat (g/d) to 0.89 for alcohol (mean 0.67; P < 0.001), whereas energy-adjusted SCCs ranged from 0.59 for total fat to 0.89 for alcohol (0.69; P < 0.001; Table 2 ).
The percentage of participants whose dietary intakes were classified exactly at baseline, compared with screening, ranged from lowest for total fat to highest for alcohol (mean 50%; Supplemental Table 2 ). In total, 88% of participants were classified into the same or adjacent quartile, 10% were misclassified, and 2% were extremely misclassified.
Bland-Altman plots comparing intakes of energy, total fat, protein, and carbohydrates between time points are shown in Figure 1 . The bias (mean difference) for total energy, carbohydrate, protein, and fat intake was 210 kcal/d, 11.4%, 9.1%, and 9.0%, respectively. A positive trend indicated a lower agreement in intakes between time points for those who reported higher energy intakes (>4500 kcal/d) and who were classified as overreporters in the sensitivity analyses. The amount consumed did not affect the agreement between intakes of carbohydrates, protein, and fat.
Reproducibility of food group intakes. Reported intakes of whole-meal bread, biscuits, other fruit, meat products and soups, sauces, and miscellaneous foods were lower at baseline than at screening (P < 0.05; Table 3 ). Unadjusted SCCs ranged from 0.42 for tinned fruit or vegetables to 0.89 for alcoholic beverages (mean 0.71, P < 0.001), whereas energy-adjusted 
1 Values represent means 6 SDs or percentages. *Post hoc Tukey tests (continuous data) and logistic regression (categorical) were used to test for significant differences between a given country and the overall study mean across all countries, P , 0.05. ANOVA and logistic regression were used to test for significant differences across countries in continuous and categorical variables, respectively. Analyses were adjusted for age and sex. PAL, physical activity level (ratio between total energy expenditure and basal metabolic rate); SB, sedentary behavior.
SCCs ranged from 0.45 for rice, pasta, grains, and starches to 0.87 for alcoholic beverages (mean 0.69; P < 0.001).
As shown in Supplemental Table 3 , the percentage of participants correctly classified into the same quartile for food group intakes was lowest for rice, pasta, grains, and starches and highest for alcoholic beverages. For all food groups, the mean percentages of participants who were misclassified and extremely misclassified were 8% and 2%, respectively.
Subgroup analysis: reproducibility of total energy intakes. As summarized in Supplemental Table 4 , energy intake was lower at baseline than at screening for Greece, Poland, and Germany. Correlations in energy intakes between time points were highest for the Netherlands and lowest for Greece, whereas the percentage energy intakes correctly classified were lowest in Germany and the United Kingdom and highest in the Netherlands. Energy intake was lower at baseline than at screening for those with short and medium time between assessments but not for the longest. For participants with the longest period between completing FFQs, SCCs of energy intakes were poorest (Supplemental Table 3 ). Energy intake was lower at baseline than at screening for normal-weight and overweight participants but not for obese participants. SCCs were lower and the percentage of individuals misclassified was higher in overweight and obese participants than normal-weight participants (Supplemental Table 3 ). Energy intake was lower at baseline than at screening for participants aged $45 and <45 y. SCCs for energy intakes between time points were higher for participants aged $45 y, with similar proportions of individuals correctly classified and extremely misclassified. Energy intakes at baseline were lower than at screening for both males and females. Although more females than males were correctly classified into the same quartile, more females than males were misclassified (Supplemental Table 3 ).
Sensitivity analysis. Analyses were repeated in valid reports (n = 437) after the removal of overreporters (n = 8) and underreporters (n = 122). Supplemental Figure 1 summarizes the delta between time points for percentage energy from fat, carbohydrates, and protein in the total cohort and in valid reporters. This difference between time points is consistently smaller for the valid reporters in comparison with the whole cohort. After exclusion of misreporters, differences between time points in reported intakes of total fat, SFAs, MUFAs, PUFAs, n-3 FAs, protein, calcium, carotene, riboflavin, vitamins C and A, biscuits, other fruit and soups, sauces, and miscellaneous foods were not significant. For nutrients, SCC ranged from 0.60 for total fat and SFA g/d to 0.91 for alcohol and for food groups from 0.52 for rice, pasta, grains, and starches to 0.91 for alcoholic beverages (P < 0.001). Bland-Altman analysis on valid reports produced a higher agreement between time points for total energy intake (bias reduced from 210 to 88.5 kcal/d), carbohydrates (11.4-5.3%), protein (9.2-2.3%), and fat (9.5-2.4%). The coefficient of reproducibility in valid reports was reduced by 780 kcal/d for energy intake, 14.4% for percentage energy from carbohydrates, 12.7% for protein intake, and 13.3% for fat intake.
Discussion
Main findings. Our main findings indicate that the online Food4Me FFQ is reproducible for estimation of nutrient and food group intakes by adults across 7 European countries.
Comparison with other studies. An earlier study investigated the reproducibility of the online Food4Me FFQ by asking 100 participants within a single country (United Kingdom) to complete the FFQ on 2 occasions 4 wk apart. In that study, Fallaize et al. (11) reported higher mean correlation coefficients than in the present study for total energy intake (0.77 compared with 0.61), nutrients (0.75 compared with 0.67), and food group intakes (0.75 compared with 0.71). Cross-classification analysis for nutrients was also higher, with 92% of participants classified into the same or adjacent quartile, compared with 88% in the current study. Bland-Altman analysis indicated a lower mean difference for total energy intake in the study by Fallaize et al. (11) than in ours (135 kcal/d compared with 210 kcal/d), but the removal of misreporters lowered the mean difference in the current study to 89 kcal/d. In the current study, the online Food4Me FFQ was administered to a much larger and more diverse group of participants across 7 European countries who, in addition to completing the FFQ, were responding to a wider range of questionnaires. Furthermore, FFQ reproducibility in the study by Fallaize et al. (11) was assessed in conjunction with validation against a 4-d weighed food diary, which may have increased the participantsÕ awareness of their habitual intake, and, thus, they may have been more likely to report similar intakes. The observed lower agreement between repeated administrations of the FFQ in the current study may be because the participants were less focused on the FFQ per se. Previous studies of the reproducibility of FFQs have reported correlation coefficients for total energy intake of 0.66 and 0.65 (8, 23, 24) , which are very similar to our observations. The much higher correlation of 0.82 reported by Beasley et al. (25) was for an Internet-based FFQ repeated within a short time interval (1 wk) and thus subject to less variation (26) . The shortest interval between FFQ administrations in the current study (0-15.65 d) produced a correlation of 0.64, lower than the 0.82 reported by Beasley et al. (25) . However, reproducibility in Beasley et al. (25) was also accompanied by a validation study against a 4-d weighed food diary, which may have improved correlations by increasing the participantsÕ awareness of their diet. Cross-classification analyses in the current study showed agreements that were comparable with previous studies for energy, nutrients, and food groups (27) (28) (29) . We observed that reported energy intakes were lower in the second FFQ, which confirms findings from other reproducibility studies (11, 25, 28, 30) and may be attributed to the learning effect of repeated measure. Alternatively, this observation may be due to fatigue caused by overburdening participants who had recently completed the initial FFQ (31). However, when misreporters were excluded, most differences between screening and baseline were no longer significant. Previous FFQ reproducibility studies using repeated assessments within 1 mo have reported coefficient ranges of 0.58-0.86 for energy intake between several countries (11, 23, 25, 28, 29, 32) . Intercountry variations in SCCs in the Food4Me FFQ were similar, suggesting that this dietary assessment tool has wide applicability across several European countries. The disparity between the cross-classifications and SCCs in the United Kingdom may have been due to the presence of dietary misreporters, and following exclusion of misreporters, these measures of reproducibility were more closely aligned. Our sexdependent findings are consistent with a previous study (33) , reporting higher reproducibility for a 240-item FFQ in males than in females (Pearson correlation coefficient = 0.70 and 0.65, respectively). The reproducibility of the online Food4Me FFQ was similar for both older and younger participants. The lower reported energy intake at baseline compared with screening was significant for both normal-weight and overweight participants but not for obese participants. This is probably due to a smaller sample size of obese individuals (n = 79) compared with normalweight (n = 296) and overweight (n = 192) individuals, because when assessed by SCC, reproducibility was lowest in the obese group. These findings confirm previous results, in which obese individuals were more likely to misreport their dietary intakes (34, 35) . Self-administered dietary assessment tools should thus be interpreted with caution when applied to a population of predominantly obese subjects.
Previous studies on the validation and reproducibility of the Food4Me FFQ excluded under-and overreporters before the main analysis (11, 12) . The current study included the whole cohort. The percentage of people underreporting (21.5%) was higher than that of overreporters (1.4%), a common occurrence that has been previously reported (36) . A sensitivity analysis after removal of misreports improved the reproducibility of the Food4Me FFQ.
Strengths and limitations. The main strength of this study is the large number of participants from 7 European countries, which enabled stratification according to country, age, sex, obesity status, and time interval between FFQs. However, by excluding participants who did not complete FFQs within a 1-mo period, we had too few participants from Spain (n = 5) to allow comparisons with this country. Nonetheless, another strength of this study is that it was possible to assess the FFQ reproducibility between valid reporters and misreporters in a European population. As recommended by Cade et al. (16), we applied the cutoff of <1 mo between repeated FFQs to avoid confounding by real temporal changes in food intake. With a short time between the FFQs, it is conceivable that participants might remember and therefore replicate their previous FFQ responses (16) . However, the comprehensive nature of the online Food4Me FFQ would make this unlikely, and a 1-mo period is considered an optimal time period to assess reproducibility (16) , while minimizing any influence of dietary change over time (11) .
In conclusion, the Food4Me FFQ is moderately reproducible when administered to a large cohort of European adults. Variations in reproducibility between countries were small, thus providing confidence in the utility of the method for reporting intakes of energy, nutrients, and food groups across multiple European countries.
